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(57) ABSTRACT

A display apparatus of the type which forms a color 1mage
by modulating a plurality of lights different from each other
in color by one or more display elements, includes a device
for changing the color purity of at least one light by 1nserting
or extracting a wavelength selection element into or out of
the optical path of at least one of the plurality of lights, or
changing the attitude of the wavelength selection element,
and a device for supplying information as to whether the
wavelength selection element 1s 1 the optical path of the at
least one color light or information on the attitude of the
wavelength selection element 1n the optical path of the at
least one color light.

18 Claims, 15 Drawing Sheets

75R

73R

SC1 COLOR SELECTION
OPTICAL ELEMENT

————emtranl  ——— Y

—————§R

i

86 8B Dp

DICHROIC PRISM
. 7B

M2



—
oo
5 . HOMHIW J104¥H)IQ
LINC
M., AL LN
L
S
e - _ i -
-
d/ . Q /
NSIdd JI0ONHDIQ e e
g | =
ldd gg 98 ¢ 14C 26
. (I 707777
- 5 . AN 6
m - ) N—)—D ._N '
E HOMNIW
= J10YHIIQ _
c |
- INIW313 VI LdO J/IJW HH_H —
m NOILJ313S 30109 LOS
.,, o dCL~ Hl.L .
m dE L @l k
g ] i
—
<
HG /. el i# A
= \ |
E ol
=
A | O] 4
-



U.S. Patent Aug. 31, 2004 Sheet 2 of 15 US 6,783,244 Bl

F1G. 2




U.S. Patent Aug. 31, 2004 Sheet 3 of 15 US 6,783,244 B1

F1G. 3

13 21 22

SWITCH
SWITCH DETECTION LED CONTROL CIRCUIT @
CIRCUIT



U.S. Patent Aug. 31, 2004 Sheet 4 of 15 US 6,783,244 Bl

FIG. 4

NO CHANGE
CHANGED
STEPZ2
CHANGE
DETAILS
DETECTED ?
\/
STEP31 STEP32

LED COMES ON LED TURNS OFF



U.S. Patent Aug. 31, 2004 Sheet 5 of 15 US 6,783,244 B1

FI1G. O

STEP1

TURN ON POWER

STEP2

SWITCH STATE

STEP3
ON CHANGE
DETAILS
DETECTED ?
STEP4 LED COMES ON
OFF

TO NEXT STEP



U.S. Patent Aug. 31, 2004 Sheet 6 of 15 US 6,783,244 B1

F1G. ©

13 21 23

SWITCH

SWITCH DETECTION FAN CONTROL CIRCUIT [——FAN)

CIRCUIT



U.S. Patent Aug. 31, 2004 Sheet 7 of 15 US 6,783,244 B1

FI1G. 7

NO CHANGE
CHANGED
STEP2
OFF—~ON CHANGE ON~OFF
DETAILS
DETECTED ?
v
STEP31 STEP32

VOLTAGE VOLTAGE
[NCREASES DECREASES



U.S. Patent Aug. 31, 2004 Sheet 8 of 15 US 6,783,244 B1

F1G. 8

107R

101 ’/
— —)%.

102/_ ‘_e%

m‘n
oo I N o

' DF(G) 1086 1088 199
— 1078

DF (R)
108R

105

DM?2

M2



U.S. Patent Aug. 31, 2004 Sheet 9 of 15 US 6,783,244 B1

INTENSITY

|
|
I
|
|
|
I
l
— T U

400 500 600 700nm
WAVE LENGTH



U.S. Patent Aug. 31, 2004 Sheet 10 of 15 US 6,783,244 Bl

INTENSITY

400 500 600 700nm
WAVELENGTH



U.S. Patent Aug. 31, 2004 Sheet 11 of 15 US 6,783,244 B1

100 Yfofsmmmmannze pmmommmme oo
1' f :
75 :---_......_:..__.._____E
| '
l
50 bo---m o d____ o 1 (oM
| |
o
= B B -
! |
: :
400 500 500 700nm



U.S. Patent Aug. 31, 2004 Sheet 12 of 15 US 6,783,244 B1

1000/0 ""“"""'—“"—-r-——-———-— — e —— e — — —
} i |
| | |
75 FF-—-——-=---- -:- —————— -i .........__._.._!
| ' |
| |
| i DM?2
50 pF--——-—--- = N S | ( )
i K :
25 - T e ¥
] i
400 500 600 700nm



U.S. Patent Aug. 31, 2004 Sheet 13 of 15 US 6,783,244 Bl

FI1G. 13
100% e o mmm e .
‘ :
75 : —
| |
| .' (DFG)
50 - == -I
{
25 B

400 700nm




U.S. Patent Aug. 31, 2004 Sheet 14 of 15 US 6,783,244 Bl

F1G 14

100°/0 _______ T T T T
| | ——— —
| | |
l | |
75 pm-—---- Lo ' '
T ]
| |
A A S : (DFR)

400 500 600 700nm



U.S. Patent Aug. 31, 2004 Sheet 15 of 15 US 6,783,244 Bl




US 6,783,244 Bl

1
DISPLAY APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a display apparatus, such
as a projection type display apparatus for displaying com-
puter images, video 1mages, etc. on a large screen.

2. Description of the Related Art

Recently, the purposes of use of projection type display
apparatuses for displaying computer images 1n presentations
using computers are diversified, and there 1s a demand for a
projection type display apparatus which provides optimum
color purity, color balance, illuminance, etc. according to the
purpose of use.

FIG. 8 shows the construction of a conventional projec-
tion type display apparatus. In FIG. 8, white light emaitted
from a light source portion 101 1s condensed by a reflector
102, passes through fly-eye lenses 103 and 104, a polariza-
tion transformation element 105, and a condenser lens 106.
Then, it travels by way of a mirror M1 and 1s separated into
three color lights of R, G and B by dichroic mirrors DM1
and DM2, transmitted through condenser lenses 107G and
107B and a relay lens system 107R, transmitted through
dichroic filters DF(G) and DF(R), and transmitted through
image display elements 108R, 108G and 108B before the
color lights of R, G and B are synthesized into one, the
image displayed on the image display elements being pro-
jected in an enlarged state onto a screen or the like (not
shown) by a projection lens 109.

As the light source, a discharge lamp such as a metal
halide lamp or a mercury vapor lamp 1s used. FIG. 9 shows
an example of the spectral distribution of a white light
SOUrce.

As shown 1 FIG. 9, generally speaking, a white light
source has a continuous intensity distribution in the visible
light wavelength range of 400 nm to 700 nm. In a projection
type display apparatus as shown 1n FIG. 8, this white light
1s separated mto color lights of R, G and B 1n a color
separation system. At this time, when light component 1n the
wavelength range of 570 nm to 600 nm 1s taken 1n the green
color light component, the green 1s turned into yellow,
making 1t difficult to express the pure green color.

Further, when light component 1n the wavelength range of
570 nm to 600 nm 1s taken 1n the red color light component,
the red 1s turned into orange, making 1t difficult to express
the pure red color. In view of this, 1n the 1llumination system
of the projection type display apparatus, a dichroic {ilter, etc.
arec provided on the incident side of the image display
clements 1n addition to the dichroic mirrors DM1 and DM2
to remove the light of the wavelength range of 570 nm to 600
nm so that the light of the wavelength range of 570 nm to
600 nm may not reach any of the image display elements.
FIG. 10 shows the spectral distribution of white light syn-
thesized by a dichroic prism DP when light of the wave-
length range of 570 nm to 600 nm 1s removed.

In the construction of FIG. 8, the spectral transmittances
of the dichroic mirrors DM1 and DM2 are shown 1n FIGS.
11 and 12, and the spectral transmittances of dichroic filters
DF(G) and DF(R) when light of the wavelength range of 570
nm to 600 nm 1s removed by providing the dichroic filters
DF(G) and DF(R) are shown in FIGS. 13 and 14. Here, there
1s a technique 1in which at least one of the dichroic filters
DF(R) and the DF(G) can be inserted and removed into and

from the optical path making 1t also possible to display a
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color 1mage with no dichroic filter. According to this
technique, the dichroic filter 1s inserted and removed into
and from the optical path to thereby vary the purity of the
corresponding color to vary the light quantity, whereby it 1s
possible, 1n a single projection type display apparatus, to
select between a color-purity-emphasized (color-
reproduction-emphasized) display form (normal mode) and
a brightness-emphasized display form.

However, the construction 1n which the dichroic filter 1s
inserted or removed to thereby vary the purity of the
corresponding color to vary the light quantity, has the
following problems.

1. When a user of the projection type display apparatus
has 1nserted or removed the dichroic filter into or from the
optical path, 1t 1s possible for the user to recognize whether
the apparatus 1s 1 the color-purity-emphasized mode or the
brightness-emphasized mode. However, 1f after this user has
mserted or removed the dichroic filter, another user uses the
projection type display apparatus to display an image from
which 1t 1s difficult to recognize whether the apparatus 1s 1n
the color-purity-emphasized mode or the brightness-
emphasized mode, the apparatus might be used 1n a state not
suited for the purpose of use of the other user.

2. When the dichroic filter 1s removed from the optical
path (when it 1s on standby outside the optical path), the
quantity of light impinging upon the image display elements
1s larger than when the dichroic filter 1s 1n the optical path,
so that the amount of heat generated at the polarizing plates
provided 1n front of and behind the image display elements
also substantially increases, with the result that the tempera-
ture 1n the vicinity of the image display elements rises,
thereby adversely aflecting the characteristics of the image
display elements and the polarizing plates.

SUMMARY OF THE INVENTION

Accordingly, it 1s an object of the present invention to
provide a display apparatus capable of solving the above
problems 1 and 2 separately or simultaneously.

In a first aspect of the present invention, there 1s provided
a display apparatus of the type which forms a color image by
modulating a plurality of lights different from each other in
color, by one or more display elements. The display appa-
ratus comprising means for obtaining a plurality of different
display forms by changing the color purity of at least one of
the plurality of lights, and means for supplying information
on the display forms.

In a second aspect of the present invention, there is
provided a display apparatus of the type which forms a color
image by modulating a plurality of lights, different from
cach other 1n color, by one or more display elements. The
display apparatus comprising means for changing the color
purity of at least one of said plurality of lights by inserting
or extracting a wavelength selection element 1nto or out of
the optical path of at least one of said plurality of lights or
changing the attitude of the wavelength selection element,
and means for supplying information as to whether the
wavelength selection element 1s 1n the optical path of the at
least one of the plurality of lights or information on the
attitude of the wavelength selection element in the optical
path of the at least one of the plurality of lights.

In a third aspect of the present invention, there 1s provided
a display apparatus, wherein said means for supplying
information includes a display means formed by an LED, a
liquid crystal device, efc.

In a fourth aspect of the present invention, there 1s
provided a display apparatus of the type which forms an
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image by modulating light by one or a plurality of display
clements, said display apparatus comprising cooling means
for cooling the display elements, the cooling means being
capable of varying its cooling capacity according to varia-
tion 1n the display form of the 1mage.

In a fifth aspect of the present invention, there 1s provided
a display apparatus of the type which forms an image by
modulating light by one or more display elements, with the
display apparatus comprising cooling means for cooling the
display elements and means for varying the quantity of light
impinging on the one or more display elements. The cooling
capacity of the cooling means with respect to the one or
more display elements 1s varied according to variation in the
quantity of light.

In a sixth aspect of the present invention, there 1s provided
a display apparatus of the type which forms a color image by
modulating a plurality of lights, different from each other in
color, by one or more display elements. The display appa-
ratus comprises cooling means for cooling the display
clements and means for obtaining a plurality of display
forms by changing the color purity of at least one light of the
plurality of lights, wherein the cooling capacity of the
cooling means 1s varied with respect to the display elements
modulating said at least one of said plurality of lights
according to variation in the color purity of at least one of
sald plurality of lights.

In a seventh aspect of the present invention, there 1s
provided a display apparatus of the type which forms a color
image by modulating a plurality of lights different from each
other 1n color by one or a plurality of display elements. The
display apparatus comprises cooling means for cooling the
display elements and means for varying the color purity of
at least one light of the plurality of lights by inserting or
removing a wavelength selection element into or from the
optical path of the at least one light or varying the attitude
of the wavelength selection element. The cooling capacity of
the cooling means with respect to the display elements
modulating said at least one light 1s varied according to
whether the wavelength selection element 1s 1n the optical
path of said at least one light or not or according to variation
in the attitude of the wavelength selection element 1n the
optical path of said at least one light.

In an eighth aspect of the present invention, there 1s
provided a display apparatus wherein the cooling means 1s
an air cooling type cooling means, the variation in the
cooling capacity being variation in air flow rate with respect
to the display element.

In a ninth aspect of the present invention, there 1s pro-
vided a display apparatus wherein the cooling means 1s a
water cooling type cooling means, the variation in the
cooling capacity being variation in flow rate with respect to
the display element.

In a tenth aspect of the present invention, there 1s provided
a display apparatus of the type which forms a color image by
modulating a plurality of lights, different from each other 1n
color, by one or more display elements. The display appa-
ratus comprises air-cooling means for air-cooling the display
clements, means for varying the color purity of at least one
light of the plurality of lights by inserting or removing a
wavelength selection element 1nto or from the optical path of
the at least one light or varying the attitude of the wave-
length selection element, and means for supplying informa-
tion on the position or the attitude of the wavelength
selection element with respect to the optical path of the at
least one light. The air flow rate of the air-cooling means 1s
varied with respect to the display elements modulating the at
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least one light according to whether the wavelength selec-
tfion element 1s in the optical path of the at least one light or
not or according to the attitude of the wavelength selection
clement in the optical path of the at least one light.

In an eleventh aspect of the present invention, there 1s
provided a display apparatus wherein said means for sup-
plying information 1s provided with means for detecting that
the wavelength selection element 1s 1n the optical path of
said at least one light or that it 1s 1n a predetermined attitude
and for lighting a lamp.

In a twelfth aspect of the present invention, there 1s
provided a display apparatus wherein the wavelength selec-
tion element 1s an element which transmits visible light of a
wavelength longer than a predetermined wavelength and
blocks visible light of a wavelength shorter than that or an
clement which transmits visible light of a wavelength
shorter than a predetermined wavelength and blocks visible
light of a wavelength longer than that.

In a thirteenth aspect of the present invention, there is
provided a display apparatus wherein the wavelength selec-
tion element 1s an edge {filter, a band pass filter or a band cut

filter.

In a fourteenth aspect of the present invention, there 1s
provided a display apparatus comprising a plurality of
dichroic mirrors separating white light from a light source
into the plurality of lights of different colors consisting of
red, green and blue lights.

In a fifteenth aspect of the present invention, there is
provided a display apparatus wherein the display elements
are arranged 1n correspondence with the red, green and blue
lights, and wherein there are provided a plurality of dichroic
mirrors for synthesizing image light from a plurality of
display elements modulating the red, green and blue lights.

In a sixteenth aspect of the present invention, there is
provided a display apparatus wherein the display elements
include three pixel groups, respectively corresponding to the
red, green and blue lights, and micro lens arrays condensing
lights of the colors corresponding to three pixels of each
group.

In a seventeenth aspect of the present invention, there 1s
provided a display apparatus further comprising a projection
lens for projecting the image of the display portions of the

display elements onto a screen, a wall or the like.

In an eighteenth aspect of the present invention, there 1s
provided a projection type display apparatus comprising
image display elements, alight source for 1lluminating the
image display elements, at least one first optical element for
color-separating the light from the light source into at least
two color lights and causing them to 1mpinge upon the image
display elements, at least one second optical element for
synthesizing the lights output from the 1mage display ele-
ments 1nto one, and a lens upon which the light from the at
least one second opftical element impinges and which
projects the 1image displayed by the image display elements
in an enlarged state. A third optical element which transmits
visible light of a wavelength shorter than that or vice versa,
can be 1nserted or removed 1n or from the optical path
between the at least one first optical element and the at least
one second optical element, and there 1s provided means for
supplying information as to whether the third optical ele-
ment 1S 1n the optical path or not.

In a mineteenth aspect of the present invention, there 1s
provided a projection type display apparatus wherein the
means for supplying information as to whether the third
optical element 1s 1n the optical path or not consists of means
for detecting that the third optical element is 1n the optical
path and indicating this by an indicating lamp.
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In a twentieth aspect of the present invention, there 1s
provided a projection type display apparatus comprising,
image display elements, a light source for illuminating the
image display elements, a first optical element for color-
separating the light from the light source into at least two
color lights and causing them to 1mpinge upon the image
display elements, a second optical element for synthesizing
the lights output from the 1image display elements into one,
and a lens upon which the light from the second optical
clement impinges and which projects the image displayed by
the 1mage display elements 1n an enlarged state. A third
optical element which transmits visible light of a wavelength
shorter than that or vice versa, can be 1nserted or removed
in or from the optical path between the first optical element
and the second optical element, and there 1s provided means
for changing the cooling condition of the image display
clements upon which a lareger or smaller quantity of light
impinges according to whether the third optical element 1s 1n
the optical path or not.

In a twenty-lirst aspect of the present invention, there 1s
provided a projection type display apparatus wherein said
means for changing the cooling state consists of a means for
detecting the third optical element in the optical path and
reducing the air flow rate of the cooling fan as compared to
the condition in which the third optical element 1s not 1n the
optical path.

In a twenty-second aspect of the present invention, there
1s provided an 1mage processing apparatus comprising a
display apparatus and a compute r for inputting i1mage
information to said apparatus.

Further objects, features and advantages of the present
invention will become apparent from the following descrip-
tion of the preferred embodiments (with reference to the
attached drawings).

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram showing an optical arrangement
according to an embodiment of the present 1nvention;

FIG. 2 1s a diagram 1llustrating the color selection element
holding structure in the embodiment;

FIG. 3 1s a diagram 1llustrating the LED control portion of
the embodiment;

FIG. 4 1s a diagram 1illustrating the operation of the LED
control portion of the embodiment;

FIG. 5 1s a diagram 1llustrating the control when the
power source 1s furned on in the LED control of the
embodiment;

FIG. 6 1s a diagram 1llustrating the FAN control portion of
the embodiment;

FIG. 7 1s a diagram 1llustrating the operation of the FAN
control portion of the embodiment;

FIG. 8 1s a diagram showing a conventional projection
type display apparatus;

FIG. 9 1s a diagram showing the spectral distribution of a
light source;

FIG. 10 1s a diagram showing a spectral distribution
color-synthesized 1n a projection apparatus;

FIG. 11 1s a diagram showing the spectral transmittance of
an optical element 1n a projection apparatus;

FIG. 12 1s a diagram showing the spectral transmittance
of an optical element 1 a projection apparatus;

FIG. 13 1s a diagram showing the spectral transmittance
of an optical element 1n a projection apparatus;

FIG. 14 1s a diagram showing the spectral transmittance
of an optical element 1n a projection apparatus; and
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FIG. 15 1s a diagram showing a state in which control 1s
effected such that an indication 1s given on a projection
screen to the effect that the apparatus has been switched to
a “brightness-emphasized” projection state.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

FIG. 1 shows the optical arrangement of a projection type
display apparatus according to an embodiment of the present
invention.

In FIG. 1, numeral 1 indicates a white light source,
numeral 2 indicates a reflector, numeral 3 indicates first
fly-eye lens (lens array), numeral 4 indicates a second
fly-eye lens (lens array), numeral 5 indicates a polarization
conversion element provided with a plurality of polarization
separation layers Sa, a plurality of reflection surfaces 5b, and
a plurality of wavelength plates 5¢, and numeral 6 indicates
a condenser lens.

Numerals DM1 and DM2 indicate dichroic mirrors,
numerals M1 and M2 indicate mirrors, and numeral SC1
indicates a wavelength selection element which 1s a color
selection optical element that can be inserted and removed.
The wavelength selection characteristic of the element SC1
is the same as that of the dichroic filter DF(R) of FIG. 8.
Instead of the element SC1, it 1s also possible to use the
dichroic filter DF(G) of FIG. 8 which 1s a color selection
optical element that can be inserted and removed, or in

addition to the element SC1, 1t 1s possible to use the dichroic
filter DF(G).

Further, this element SC1 1s a so-called edge filter which
transmits visible light of a wavelength longer than a prede-
termined wavelength but blocks light of a wavelength
shorter than that or which transmits visible light of a
wavelength shorter than a predetermined wavelength but
blocks light of a wavelength longer than that. In the present
invention, it 15 also possible to use a band pass filter or a
band cut filter as the wavelength selection element mserted
or removed 1nto or from the optical path of a light of a
predetermined color to thereby vary the purity of the pre-
determined color to vary the quanfity of light. Japanese
Unexamined Patent Application Publication No. 7-72450
discloses an example 1n which this kind of wavelength
selection element 1s used to switch between color-purity-
emphasized mode and brightness-emphasized mode, and the
construction of the optical system of a projection type
display apparatus using this type of wavelength selection
clement can be understood by referring to the abovemen-
tioned official gazette, so a detailed description therecof will
not be given 1n the present invention. However, the control
methods of the present imvention are applicable to the
display apparatus disclosed 1n this official gazette.

In FIG. 1, numeral DF1 1ndicates a dichroic filter, numer-
als 7G and 7B indicate condenser lenses, numeral 7R
indicates a relay lens system composed of lenses 71R, 72R
and 73R and mirrors 74R and 75R, and numerals 8G, 8R and

8B indicate 1mage display elements.

Numeral DP1 indicates a dichroic prism, and numeral 9
indicates a projection lens.

The dichroic mirrors DM1 and DM2 form the abovemen-
tioned at least one first optical element, the dichroic prism
DP1 form the above-mentioned at least one second optical
clement, and the color selection optical element SC1 forms
the above-mentioned third optical element and wavelength
selection element.

The optical operation of this system will be described.
White light emitted from the light source 1 1s condensed by
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the retlector 2, passes through the fly-eye lenses 3 and 4, the
polarization conversion element 5, and the condenser lens 6,
and travels by way of the mirror M1 before 1t 1s separated
into color lights of R, G and B. The color lights pass mirror
M2, the condenser lenses 7G and 7B, and the relay lens
system 7R, and are transmitted through the image display
clements 8R, 8G and 8B before the color lights of R, G and
B are synthesized into one by the dichroic prism DP1, and
the 1mage displayed on the image display eclements 1is
projected onto a screen (not shown) in an enlarged state by

the projection lens 9. The lens system 7R 1s composed of
lenses 71R, 72R and 73R and mirrors 74R and 75R.

FIG. 2 shows an example of the holding structure for the
color selection optical element SC1 of this embodiment. In
this example, the color selection optical element SCI1 1s
fastened to a slidable guide 11, and the user slides a knob 12
from outside the apparatus, whereby the color selection
optical element SC1 can be inserted or removed 1nto or from
the optical path. Further, there 1s provided a switch 13 to
make it possible to detect whether the color selection optical
clement 1s in the optical path or not.

As a means for switching between color-
purityemphasized mode and brightness-emphasized mode
by varying the purity of a predetermined color by the color
selection element to vary the quantity of light, 1t 1s possible
to keep such an optical element in the optical path of a
predetermined color and vary the inclination angle thereof
with respect to the optical path (optical axis), apart from
inserting or removing the optical element 1n or from the
optical path of the predetermined color (not necessarily a
dedicated optical path).

FIG. 3 shows the construction of a control circuit for
indicating the projection state of this embodiment to the
user.

Numeral 21 indicates a switch detection circuit, which
detects a change 1in the ON/OFF state of the switch 13 to
generate a detection signal. Numeral 22 indicates an LED
control circuit for controlling the lighting of the LED on the
basis of the detection signal from the detection circuit 21.

FIG. 4 1s a flowchart illustrating the control flow when,
during the use of the projection type display apparatus of this
embodiment, the display form i1s switched between the
color-purity-emphasized display mode and the brightness-
emphasized display mode by the knob 12.

In Step 1, the detection circuit detects a change 1n the state
of the switch 13, and supplies a detection signal to the LED
control circuit when the switch 13 1s turned ON or OFF.

When, 1n Step 2, the state of the switch 13 1s changed from
OFF to ON, the procedure advances to Step 31, in which the
LED comes on, and when the state of the switch 13 i1s

changed from ON to OFF, the procedure advances to Step 32
to turn off the LED.

While 1n the above-described embodiment the LED 1s

lighted as an indication to the user, it 1s also possible, as
shown 1n FIG. 15, to perform control such that an indication
to the effect that the apparatus has been switched to the
brightness-emphasized projection state (in FIG. 15, the
message “emphasis on brightness™) is given on the projec-
tion screen or the operating panel (liquid crystal display
device) of the apparatus, or a voice message: “The apparatus
has been changed to the brightness-emphasized mode”, may
be given to the user.

FIG. 5 1s a flowchart illustrating the control flow of
another form when the power source of the projection type
display apparatus of this embodiment 1s turned on.

When the power source 1s turned ON 1n Step 1, the switch
detection circuit 21 detects the state of the switch 13 and
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generates a detection signal 1n Step 2. When the detection
signal 1s ON 1n Step 3, the LED 1s lighted 1n Step 4. When

the detection signal 1s OFF, the LED 1s not lighted, and the
procedure advances to the control of the state of use shown

in FIG. 3.

FIG. 6 1s a diagram showing the control system of a
cooling fan which 1s an air cooling means. Numeral 21
indicates a switch detection circuit, which detects a change
in the ON/OFF state of the switch 13 to generate a detection
signal. Numeral 23 1s a fan control circuit, which controls

the air flow rate of the fan on the basis of the detection signal
from the detection circuit 21.

FIG. 7 1s a flowchart illustrating the control flow when the
projection state 1s switched during the use of the projection
apparatus.

In Step 1, the detection circuit detects a change 1n the state
of the switch 13, and supplies a detection signal to the LED
control circuit when the switch 13 1s turned ON or OFF.

In Step 2, when the state of the switch 13 1s changed from
OFF to ON, the procedure advances to Step 3, and the
voltage applied to the fan 1s increased so that the speed of the
fan may be increased. When the state of the switch 1is
changed from ON to OFF, the procedure advances to Step
32, in which the voltage applied to the fan i1s reduced so that
the speed of the fan may be reduced.

While 1n this embodiment the air flow rate of the fan is
increased or decreased by controlling the speed of the fan,
it 1s also possible to 1ncrease or decrease the air flow rate by
providing a backup fan, which rotates when the color
selection optical element 1s outside the optical path and does
not rotate when the color selection optical element is 1n the
optical path.

While 1n the above-described embodiment the projection
type display apparatus 1s controlled according to the flows of
both FIGS. 4 and 7, 1t 1s also possible, in the present
invention, to provide two different projection display appa-

ratuses that are controlled by the tlow of either FIG. 4 or
FIG. 7.

Further, while 1n the projection type display apparatus of
this embodiment an air cooling means 1s used as the means
for cooling the 1mage display elements, 1t 1s also possible to
use a water cooling means for cooling the 1mage display
clements by a water cooling system, with the flow of the
cooling fluid being varied according to whether the color
selection optical element is in the optical path or not (The
flow rate 1s increased when the color selection opftical
element is in the optical path, and decreased when it is not).

Further, while the 1mage display apparatus of the above-
described embodiment 1s a so-called three-plate type color
image display apparatus using three image display elements,
there 1s no limitation to the number of image display
clements in the present mnvention. For example, the present
invention 1s also applicable to a projection type display
apparatus using a single color image display element. A form
of this sort of projection type display apparatus has a micro
lens array on the incident side, using 1image display elements
(usually, liquid crystal panels) of the type which condense
lights of R, G and B on pixel groups corresponding to the
primaries of R, G and B by the micro lens array, a color
separation optical system, a projection lens and other optical
systems but using no color synthesis optical system. The
optical systems of such projection type display apparatuses
are disclosed, for example, in Japanese Unexamined Patent
Application Publications No. 3-56922 and 4-60538. By
referring to these official gazettes and the above
embodiment, the present invention can be easily applied to
such projection type display apparatuses.
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Further, in the present mvention, the form of the image
display element 1s not restricted to a liquid crystal display
device. It 1s also possible to adopt a form using a display
clement based on some other optical modulation principle.

Further, the present invention 1s not restricted to the front
side projection type display apparatus shown in the draw-
ings. The present invention 1s also applicable to a direct view
type or a back side projection type display apparatus.

While the present invention has been described with
reference to what are presently considered to be the pre-
ferred embodiments, 1t 1s to be understood that the invention
1s not limited to the disclosed embodiments. On the contrary,
the 1nvention 1s intended to cover various modifications and
equivalent arrangements included within the spirit and scope
of the appended claims. The scope of the following claims
1s to be accorded the broadest interpretation so as to encom-
pass all such modifications and equivalent structures and

functions.

What 1s claimed 1s:

1. A display apparatus of the type which forms an image
by modulating light by one or more display elements, said
display apparatus comprising:

cooling means for cooling the one or more display ele-

ments; and

means for varying the quantity of light impinging on the

one or more display elements, wherein a cooling capac-
ity of said cooling means with respect to the one or
more display elements 1s varied according to a variation
in the quantity of light.

2. A display apparatus of the type which forms a color
image by modulating a plurality of lights, different from
cach other 1n color, by one or more display elements, said
display apparatus comprising:

cooling means for cooling the one or more display ele-

ments; and

means for obtaining a plurality of display forms by
changing the color purity of at least one light of the
plurality of lights, wherein a cooling capacity of said
cooling means 1s varied with respect to the one or more
display elements modulating the at least one light
according to a variation in the color purity of the at least
one light.

3. A display apparatus of the type which forms a color
image by modulating a plurality of lights, different from
cach other in color, by one or more display elements, said
display apparatus comprising:

cooling means for cooling the one or more display ele-

ments; and

means for varying the color purity of at least one light of
the plurality of lights by inserting or removing a
wavelength selection element 1nto or from the optical
path of the at least one light or varying the attitude of
said wavelength selection element, wherein a cooling
capacity of said cooling means with respect to the one
or more display elements modulating the at least one
light 1s varied according to whether said wavelength
selection element 1s 1in the optical path of the at least
one light or according to a variation 1n the attitude of
said wavelength selection element in the optical path of
the at least one light.
4. A display apparatus according to one of claims 1, 2 and
3, wherein said cooling means 1s an air cooling type cooling,
means, wherein the variation in the cooling capacity 1s a
variation 1n an air flow rate with respect to the one or more
display elements.
5. A display apparatus according to one of claims 1, 2, and
3, wherein said cooling means 1s a water cooling type
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cooling means, wherein the variation in the cooling capacity
1s a variation 1n a water flow rate with respect to the one or
more display elements.

6. A display apparatus of the type which forms a color
image by modulatmg a plurality of lights, different from
cach other in color, by one or more display elements, said
display apparatus comprising:

air cooling means for air cooling the one or more display
clements;

means for varying the color purity of at least one light of
the plurality of lights by inserting or removing a
wavelength selection element 1nto or from the optical
path of the at least one light or varying the attitude of
said wavelength selection element; and

means for supplying information on the position or the
attitude of said wavelength selection element with
respect to the optical path of the at least one light,
wherein an air flow rate of said air-cooling means 1s
varied with respect to the one or more display elements
modulating the at least one light according to whether
said wavelength selection element 1s 1n the optical path
of the at least one light or according to the attitude of
said wavelength selection element 1n the optical path of
the at least one light.

7. A display apparatus of the type which forms a color
image by modulatmg a plurality of lights, different from
cach other in color, by one or more display elements, said
display apparatus comprising:

means for changing the color purity of at least one light

of the plurality of lights by inserting or extracting a
wavelength selection element into or out of the optical
path of the at least one light or changing the attitude of
said wavelength selection element; and

means for Sllpp ying information as to whether said
wavelength selection element 1s 1n the optical path of

™

the at least one light or information on the attitude of

said wavelength selection element 1n the optical path of
the at least one light,

wherein said means for supplying information 1s provided
with means for (i) detecting that said wavelength
selection element 1s in the optical path of the at least
one light or that said wavelength selection element 1s 1n
a predetermined attitude and (11) for lighting a lamp.
8. A display apparatus of the type which forms a color
image by modulatmg a plurality of lights, different from
cach other in color, by one or more display elements, said
display apparatus comprising:
means for changing the color purity of at least one light
of the plurality of lights by inserting or extracting a
wavelength selection element into or out of the optical
path of the at least one light or changing the attitude of
said wavelength selection element; and

means for supplying information as to whether said

wavelength selection element 1s 1n the optical path of
the at least one light or information on the attitude of
said wavelength selection element 1n the optical path of
the at least one light,

wherein the wavelength selection element 1s an element
which transmits visible light of a wavelength longer
than a predetermined wavelength and blocks visible
light of a wavelength shorter than that or an element
which transmits visible light of a wavelength shorter
than a predetermined wavelength and blocks visible
light of a wavelength longer than that.
9. A display apparatus of the type which forms a color
image by modulating a plurality of lights, different from
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cach other 1n color, by one or more display elements, said
display apparatus comprising:
means for changing the color purity of at least one light
of the plurality of lights by inserting or extracting a
wavelength selection element 1into or out of the optical

path of the at least one light or changing the attitude of
said wavelength selection element; and

means for supplying information as to whether said
wavelength selection element 1s 1in the optical path of
the at least one light or information on the attitude of
said wavelength selection element 1n the optical path of
the at least one light,

wherein the wavelength selection element 1s an edge filter,
a band pass filter or a band cut filter.

10. A display apparatus of the type which forms a color
image by modulating a plurality of lights, different from
cach other 1n color, by one or more display elements, said
display apparatus comprising:

means for changing the color purity of at least one light
of the plurality of lights by inserting or extracting a
wavelength selection element into or out of the optical
path of the at least one light or changing the attitude of
said wavelength selection element; and

means for supplying information as to whether said
wavelength selection element 1s 1n the optical path of
the at least one light or information on the attitude of
said wavelength selection element in the optical path of
the at least one light.

further comprising a plurality of dichroic mirrors for
separating white light from a light source into the
plurality of lights of different colors, wherein the plu-
rality of lights of different colors consists of red, green
and blue lights.

11. A display apparatus according to claim 10, wherein the
display elements are arranged in correspondence with the
red, green and blue lights, and wherein there are provided a
plurality of dichroic mirrors for synthesizing image light
from a plurality of display elements modulating the red,
oreen and blue lights.

12. A display apparatus according to claim 10, wherein
the one or more display elements include three pixel groups,
respectively corresponding to the red, green and blue lights,
and a micro lens arrays condensing lights of the colors
corresponding to the three pixels of each group.

13. A display apparatus of the type which forms a color
image by modulating a plurality of lights, different from
cach other in color, by one or more display elements, said
display apparatus comprising:

means for changing the color purity of at least one light
of the plurality of lights by inserting or extracting a
wavelength selection element into or out of the optical
path of the at least one light or changing the attitude of
said wavelength selection element; and

means for supplying information as to whether said
wavelength selection element 1s 1n the optical path of
the at least one light or information on the attitude of
said wavelength selection element in the optical path of
the at least one light,

further comprising a projection lens for projecting the
image of display portions of the one or more display
clements onto a screen or a wall.
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14. A projection type display apparatus comprising;
image display elements;

a light source for illuminating said 1mage display ele-
ments,;

at least one first optical element for color-separating the
light from said light source 1nto at least two color lights
and causing them to impinge upon said image display
clements;

at least one second optical element for synthesizing the
lights output from said image display elements into
one; and

a lens upon which the light from said at least one second
optical element impinges and which projects the 1mage
displayed by said image display elements 1in an
enlarged state, wherein a third optical element which
transmits visible light of a wavelength longer than a
predetermined wavelength and blocks visible light of a
wavelength shorter than that or vice versa, can be
inserted mnto or removed from the optical path between
said at least one first optical element and said at least
one second optical element, and wherein there 1s pro-
vided means for supplying information as to whether
said third optical element 1s in the optical path.

15. A projection type display apparatus according to claim
14, wherein said means for supplying information as to
whether said third optical element 1s 1n the optical path
consists of means for detecting that said third optical ele-
ment 1s 1n the optical path and indicating this by an 1ndi-
cating lamp.

16. A projection type display apparatus comprising:

image display elements;

a light source for 1lluminating the 1mage display elements;

a first optical element for color-separating the light from
said light source into at least two color lights and
causing them to 1mpinge upon said 1mage display
elements;

a second optical element for synthesizing the lights output
from said image display elements into one; and

a lens upon which the light from said second optical
clement 1mpinges and which projects the 1mage dis-
played by said image display elements 1n an enlarged
state, wherein a third optical element which transmits
visible light of a wavelength longer than a predeter-
mined wavelength and blocks visible light of a wave-
length shorter than that or vice versa, can be inserted
into or removed from the optical path between said first
optical element and said second optical element, and
wherein there 1s provided means for changing a cooling
condition of said image display elements upon which a
larger or smaller quantity of light impinges according
to whether said third optical element 1s 1n the optical
path.

17. A projection type display apparatus according to claim
16, wherein said means for changing the cooling condition
comprises means for detecting 1if said third optical element
1s 1n the optical path and reducing an air flow rate of the
cooling fan as compared to a condition 1n which said third
optical element 1s not 1n the optical path.

18. An 1mage processing apparatus comprising a display
apparatus as claimed 1n one of claiams 1, 2,3, 6,7, 8,9, 10,
13, 14, and 16 and a computer for mnputting 1mage infor-
mation to said display apparatus.
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 6,783,244 Bl Page 1 of 1
DATED . August 31, 2004
INVENTOR(S) : Atsushi Okuyama et al.

It is certified that error appears in the above-identified patent and that said Letters Patent Is
hereby corrected as shown below:

Column 4,
Line 46, “alight” should read -- a light --.

Column 35,
Line 29, “and a compute r”’ should read -- as claimed 1n one of claims 1 through 21 and

a computer --.

Column 7,
Line 22, “purityemphasized” should read -- purity-emphasized --.

Column 11,
Line 31, “light.” should read -- light, --.

Signed and Sealed this

Twenty-tfifth Day of January, 2005

JON W. DUDAS
Director of the United States Patent and Trademark Office
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